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Introduction
Nocardia species are gram-positive, aerobic, branching filamentous bacteria belonging to Actinomycetales. Nocardia asteroides and Nocardia farcinica are the most frequent pathogen. Although infection commonly occurs through inhalation or direct cutaneous inoculation, Nocardia species can spread to the central nervous system hematogenously, usually in immunocompromised patients [1, 2] . Nocardia brain abscess in an immunocompetent patient has rarely been reported [3] . In Korea, only one case of Nocardia brain abscess in an immunocompetent host has been reported [4] . We report an immunocompetent patient who had a Nocardia brain abscess, which was treated by stereotactic aspiration of the abscess and systemic antibiotics. This is the second case of a brain abscess caused by N. farcinica in an immunocompetent patient in Korea.
Case Report
A 71-year-old male was admitted due to headache, dizziness, and nausea for three days. He was healthy, except that he had been diagnosed with hypertension two years before. , erythrocyte sedimentation rate of 38 mm/hr, and C-reactive protein level of 1.11 mg/dL. Blood chemistry showed a total protein level of 7.6 g/dL, albumin level of 4.3 g/dL, total bilirubin level of 0.9 mg/dL, aspartate aminotransferase/alanine aminotransferase 27/16 IU/L, alkaline phosphatase 77 IU/L, BUN/ Cr 9.2/0.8 mg/dL, Na/K 136/3.8 mEq/L, and Ca/P 9.0/4.7 mg/ dL. Result of urinalysis was normal. Human immunodeficiency virus (HIV) antibody, hepatitis B surface antigen and hepatitis C antibody were all negative. Chest and abdomen radiographs were normal. Brain CT scan and magnetic resonance (MR) imaging showed multiple rim enhancing lesions with surrounding edema, which was presumed to be a brain abscess ( Fig. 1) .
After admission, the patient underwent a craniotomy with stereotactic aspiration of the abscess. During the operation, yellowish and turbid pus was aspirated and a cerebral abscess was diagnosed. Empirical parenteral antibiotics were started with ceftriaxone 2 g bid and metronidazole 500 mg tid. Gram stain of the pus showed beaded branching gram-positive bacilli. Urease test, esculin hydrolysis test, citrate test, and modified acid-fast stain using 1% acid alcohol were all positive and the bacteria grew at 42 o C. Nocardia species were suggested by colonial morphology, Gram-stain, and modified acid fast bacillus (AFB) stain (Fig. 2) . By manual, culture was identified as Nocardia species. For the accurate identification of Nocardia species, 16S ribosomal RNA (rRNA) gene-based polymerase chain reaction (PCR) and sequencing was carried out. Primers of 27F (5'-AGA GTT TGA TCM TGG CTC AG-3') and 1492R (5'-TAC GGY TAC CTT GTT ACG ACT T-3') were used for 16S rRNA gene amplification. Size of 1466 bp 16S rRNA gene amplification sequencing was carried out by Solgent (Solgent Co, Daejeon, Korea) company which uses Big Dye Terminator Cycle Sequencing Kit and ABI PRISM 3730 DNA analyzer (PE Applied Biosystem, Foster, CA, USA). It showed 100% concordance to N. farcinica (GenBank accession number: KC478309) by BLAST Similarity Searching in GenBank. The organism was susceptible to amikacin, imipenem, trimethoprim-sulfamethoxazole (TMP-SMX), ciprofloxacin, and resistant to erythromycin, kanamycin, ampicillin, gentamicin. 
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After identifying the result of pus culture, the antibiotic regimen was changed to TMP-SMX (15 mg/kg of the TMP component per day) and imipenem 500 mg qid. Due to the persistence of the patient's symptoms, re-imaging was performed two weeks later. On day 24 of admission, the patient underwent a repeated craniotomy with stereotactic aspiration of the abscess because the abscess and surrounding edema have increased than before. Ciprofloxacin (400 mg every 12 h, intravenous) was added to the TMP-SMX treatment and changed from imipenem to meropenem. After performance of repeated surgery and administration of additional antibiotics, we observed improvement of the patient's symptoms. Contrastenhanced brain CT scan performed three weeks after reoperation, showed substantial resolution of the brain lesion. Meropenem and ciprofloxacin were continued for six weeks. On hospital day 67, he was discharged to go home to complete four months of oral TMP-SMX therapy. On three-month follow-up brain CT after discharge, resolution of the brain abscess was confirmed.
Discussion
Nocardia species are branching filaments of gram-positive bacteria that are omnipresent in soil and water [5] . Sixteen species of Nocardia have been implicated in human infections [6] . Nocardia infections commonly arise in the immunocompromised states including organ transplants, leukemia, HIV, steroid abuse, and autoimmune disease [1] . Inhalation is the most common route of the infection. Isolated pulmonary infection is most common, followed by disseminated disease (13.5%). Isolated involvement of the skin (8.1%) and central nerve system (5.4%) has also been reported [7] .
Nocardia species are a rare cause of cerebral abscess [3] .
Nocardia brain abscess appears in a gradually progressive mass lesion, with specific neurologic findings. Seizures and focal neurological deficits are the most common clinical manifestations observed in patients with a Nocardia brain abscess [8] . Our patient was rarely represented with neurologic and toxic symptoms such as seizure, paralysis, dyspnea and fever. Most patients with a Nocardia brain abscess are immunocompromised or have received immunosuppressive therapy [3] . Nocardia brain abscess in an immunocompetent host overseas has rarely been reported, and only one case of Nocardia brain abscess, which accompanied semi-invasive pulmonary Aspergillosis, has been reported in Korea. In this case, the patient was not immunocompromised and had not received immunosuppressive therapy [4, [9] [10] [11] . The mortality rate for Nocardia brain abscess is higher than that for other bacterial cerebral abscesses. In general, the mortality rate for patients with Nocardia infection is three times higher than that for patients with other types of bacterial brain abscess. The higher mortality of Nocardia brain abscess is supposed to be associated with patient's immune state. According to one study, the mortality rate of immunocompromised patients was 55%, whereas the mortality rate of immunocompetent patients was 20% [8, 11] .
It is difficult to diagnose the Nocardia infection using culture-based methods because Nocardia species grow slowly and are contaminated by faster growing competitors. The 16S rRNA gene sequencing method is a reliable and fast method for identification of Nocardia species [12] . In this case, colonial morphology, Gram stain, and modified AFB stain suggested Nocardia species. The species was identified as N. farcinica by 16S rRNA gene-based PCR and sequencing.
For diagnosis of a Nocardia brain abscess, it is important to carry out the brain images and surgical interventions. Brain CT, demonstrating a hypodense, enhancing lesion with sur- 
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• CNS nocardiosis in immunocompetent host www.icjournal.org 48 rounding edema, is sensitive for discovery and localization of the lesion; however, it is not sufficient for diagnosis. On brain MRI, multiple concentric rims are seen in abscesses due to Nocardia. Because it occasionally occur that necrotic metastasis and brain tumors are wrongly recognized by imaging study, it is required to get a proper specimen through surgical intervention. Besides, in order to prevent treatment delay, early surgical intervention is also required [13] . Although the use of metronidazole and third generation cephalosporins has become the standard for empirical treatment of cerebral abscesses, initial antimicrobial therapy for cerebral nocardiosis was established for the use of TMP-SMX, amikacin, and imipenem because Nocardia species are occasionally resistant to these antibiotics [14] [15] [16] . In particular, TMP-SMX is the preferred initial treatment for a Nocardia brain abscess due to good tolerance and better cerebrospinal fluid penetration [17] . Due to its similar pharmacokinetic effect, good cerebrospinal fluid penetration, and its association with lower occurrence of seizure, meropenem is a theoretically attractive substitute for imipenem for patients with cerebral nocardiosis [18] . Because a nocardial abscess forms multilocular and thick walled lesions, surgical intervention is usually required in most cases of cerebral nocardiosis. Overall prognosis is favorable upon administration of appropriate surgical therapy and antibiotics [17, 19] . In this case, we performed reoperation and added ciprofloxacin to the TMP-SMX because the abscess and surrounding edema have increased than before and the pathogen was susceptible to ciprofloxacin. As a result, the patient has improved after repeated surgical intervention and antibiotics.
In summary, Nocardia species are a rare cause of brain abscess in immunocompetent individuals. In Korea, this is the second report of an immunocompetent patient with a brain abscess caused by N. farcinica.
